Renal Unit, Royal Free Hospital, Lawn Road, Hampstead, London, N. W.3 Chronic intermittent haemodialysis is now an established method in the management of patients with end-stage renal failure. With adequate dialysis it is possible to achieve full physical rehabilitation and the reversal of many associated pathological states. It seems relevant, however, to enquire whether regular dialysis treatment constitutes a recurrent non-specific form of stress, leading perhaps to an increase in adrenal cortical activity over an indefinite period of time.
Dialysis therapy of established patients in this Unit takes place at night only, both in the hospital Method and at home. Since, under normal conditions, adrenal cortical activity is at its lowest ebb at night Plasma ll-OH.C.S., the main component of (Migeon et al., 1956; Peterson and Wyngaarden, which is normally cortisol (Bondy and Upton, 1957; Mattingly, 1963) it seems likely that an Peterson, 1957) were measured using the method of abnormality in the secretion of adrenocorticosteroids Mattingly (1962) with the following modifications:-would be reflected by changes in the nocturnal levels Free flowing heparinised blood samples were used of ll-hydroxycorticosteroids (11-0H.C.S.).
for the estimation of ll-OH.e.S. Plasma was This communication presents the results of in-separated immediately after collection; 1 ml of each vestigations into the diurnal variation of plasma plasma sample was then pipetted into 15 m1 glass ll-OH.C.S. levels in patients undergoing regular stoppered Quickfit test tubes. The samples were dialysis therapy for end-stage renal failure. stored at -20 ce until the day of the analysis. The Patient material samples were thawed and extracted with 10 ml purified methylene chloride. 5 ml of this extract was Subjects were divided into three groups as shaken with 2.5 m1 of fluorescence reagent (25% follows:-ethanol and 75% sulphuric acid). In order to Group 1 consisted of 14 end-stage renal failure minimise the time between addition of fluorescence patients, who had been receiving regular haemo-reagent and the final measurement of fluorescence, dialysis treatment for varying periods of time the reagent was added to batches of 12 samples from (7-53 months). The patients were dialysed three a burette and 10.5-13 min. were allowed for the times a week (total of 30 h) using a low volume Kiil development of fluorescence. At the beginning of dialyser, and warm single pass dialysate system. In this period uniformity amongst blank, standard and 14 patients (Table 1 ) blood samples were collected test solutions was ensured by shaking the samples in at 24.00 h and 08.00 h on three to five occasions, a test tube stand for 20 sec. The fluorescence was two of which were on consecutive days, including a then measured in a Locarte fluorimeter, the samples dialysis day. From two of these patients four-hourly being excited at 480 nm and the emission measured blood samples were taken over 42 h in order to cover at 525 om. By this method up to 40 samples could the entire period when the patient was on dialysis be estimated in approximately 3 h. and the interim period between two consecutive
In order to establish the precision of the method, dialyses.
22 estimations were carried out on a pooled plasma Group 2 comprised three patients (Table 1 ) treated sample. The mean level of ll-OH.e.S. obtained by peritoneal dialysis for 3-5 months. These patients was 17 P,8/ 1OO m1 with a standard deviation of were receiving 30-40 h of dialysis per week. Serial 0.72 p,g. A sample of the same pooled plasma was estimations of ll-OH.e.S. were carried out over included as a control with every batch of ll-OH.e.S. 36-56 h in these patients. In addition, random estimations and the consistency of the method was estimations at 24.00 hand 08.00 h were performed demonstrated by the fact that the mean of 35 control =d~:'~~~b:.~ht%9~nslandand Snuth Wales Rcaional MllCtins. estimations was 17.1 p,g/IOO ml with a standard 
Results
The 14 control subjects (Group 3) showed a well marked, reproducible, normal circadian rhythm of H-OH.e.S. on two occasions (Table 2) .
When the mean 24.00 h H-OH.C.S. level for 14 normal controls was compared with the mean 24.00 h level for the same people on a second occasion, no statistical difference was found (P > 0.2). The same applied to the 08.00 h levels (P > 0.7). The occurrence of a 24 h periodicity in the circadian rhythm of ll-OH.C.S. in the control group was also confirmed (Fig. 1) .
Out of 14 patients receiving regular haemodialysis (Group 1) a normal circadian rhythm was demonstrated in seven. The rhythm was reproduced in magnitude and frequency on two consecutive days. In the remaining seven patients the magnitude and the frequency of the rhythm was disturbed on each occasion (Group I, Table 3 ). In two of these seven abnormal patients, serial ll-OH.C.S. measurement revealed an elongation of the rhythm with a periodicity of 28-30 h (Fig. 2 ). In these two patients H-OH.e.S. levels were elevated. The highest H-OH.e.S. values during a 24 h period starting at 08.00 h occurred at 08.00 h, 12.00 h, 24.00 h, and 04.00 h.
Out of three end-stage renal failure patients treated by peritoneal dialysis one patient E.B. showed reproducible normal circadian rhythm on random sampling on three occasions (Group 2, Table 3 ). This patient subsequently proved to have a normal circadian rhythm with a 24 h periodicity on serial ll-OH.C.S. estimations. Patients lE. and E.M. showed evidence of an abnormal rhythm with random sampling on three occasions and with four-hourly ll-OH.C.S. estimations, these two patients showed an extended rhythm with a 28 h periodicity. Patient E.M., when she was in an acute phase of chronic renal failure, showed high levels of ll-OH.e.S. (Fig. 3) . One month later when established on a regular dialysis treatment, the patient had much lower corticoid levels (Fig. 3 ) and after seven weeks had normal absolute values of ll-OH.e.S. but still maintained the 28 h periodicity. Figure 4 shows H-OH.C.S. levels in one patient on haemodialysis under conditions of acute stress following her first experience with a clotted Kill dialyser. Although the H-OH.C.S. levels before the clotting episode were high, a considerable rise in ll-OH.C.S. was observed, followed by an equally precipitate fall on recovery. 
DISCUSSION
In this investigation the control group had ll-OH.C.S. levels similar to those obtained by previous workers (Mills, 1966; Knapp et al., 1967; Connolly and Wills, 1967 ) and the ciracian rhythm had a 24 h periodicity. This periodicity was found to be reproducible over a period of time under identical conditions.
In patients receiving regular dialysis treatment, however, variable results were obtained. More detailed investigation showed that these levels were out of phase with normal controls and that the circadian rhythm was itself abnormal with extended periodicity, although reproducible in anyone patient. Thus, apparently abnormal ll-OH.C.S. levels found on random 24.00 hand 08.00 h in several patients, were due to sampling of a curve at varying phases. It followed from this observation that random sampling at 24.00 hand 08.00 h of patients undergoing treatment must sometimes give plasma ll-OH.C.S. levels which were normal with reference to control values. This was found to be the case in three patients, who had an obviously abnormal rhythm on prolonged sampling.
The reason for the occurrence of an abnormal rhythm in nine out of 17 patients examined is not known. Since all patients in this study received a standardised form of dialysis therapy and were accustomed to both the treatment and the environment, it would seem that no single factor connected with dialysis can be incriminated. For example, factors such as weight loss during dialysis, the length of dialysis, and the period of sleep were common to both groups. None of the patients studied received blood transfusion either during the study or for a considerable period of time before this (Crockett et al., 1967) nor were any patients suffering from hypertension. Therefore, it would seem that the observed abnormality is in some way related to a form of non-specific stress resulting in an altered adrenal cortical activity. The reason for the abnormality remains speculative but it should be pointed out that the method employed for the measurement of ll-OH.C.S. includes cortisol, corticosterone and a cyclic variation in one of these substances could lead to the abnormality demonstrated.
Despite the fact that an explanation for the described phenomenon is lacking, the practical implications are of some importance in the investigation of the diurnal rhythm in disease states. The results indicate that cortisol must be measured on at least two successive days under identical conditions in order to establish the presence or absence of a normal rhythm.
Recent work by others has shown that an abnormal circadian rhythm of plasma cortisol can occur in other conditions (Tucci et al., 1966; Connolly et al., ] 967; Knapp et al., 1967; Krieger et al., 1966; Cade et al., 1967; Orth et al., 1967) but again the phenomenon remains unexplained. It should be pointed out, however, that the patients described in the present study are not incapacitated by disease and the dialysis therapy enables them to pursue normal active lives.
The pathophysiological consequences of abnormal circadian rhythms are not known but it seems possible that prolonged rhythm may result in the exposure of patient's tissues to slightly higher corticoid levels than normal. This, however, cannot be presumed until more is known about the protein binding of the corticoids, the rate of dissociation of the protein-corticoid complex and the rate of diffusion of free corticoids across various compartments of the body. Further consideration is being given to protein binding and kinetic studies on plasma cortisol in these patients.
SUMMARY
The circadian rhythm of plasma ll-OH.C.S. was measured in 14 normal controls and 17 patients on intermittent dialysis programme. An elongation of circadian rhythm was found in nine out of the 17 patients. A non-specific stress reaction resulting in an increase of adrenal corticol activity is suggested as one of the possible reasons for the abnormality. Repeated estimates of plasma cortisol are necessary for the assessment of the presence or absence of a normal circadian rhythm.
